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Background: To study whether there is genetic overlap underlying the risk for schizophrenia spectrum disorders (SSDs) and low intelli-
gence quotient (IQ), we reviewed and summarized the evidence on genetic variants associated with both traits. Methods: We performed
this review in accordance with the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) and preregistered it in
PROSPERO. We searched the Medline databases via PubMed, PsycInfo, Web of Science and Scopus. We included studies in adults
with a diagnosis of SSD that explored genetic variants (single nucleotide polymorphisms [SNPs], copy number variants [CNVs], genomic
insertions or genomic deletions), estimated IQ and studied the relationship between genetic variability and both traits (SSD and 1Q). We
synthesized the results and assessed risk of bias using the Quality of Genetic Association Studies (Q-Genie) tool. Results: Fifty-five studies
met the inclusion criteria (45 case—control, 9 cross-sectional, 1 cohort), of which 55% reported significant associations for genetic variants
involved in 1Q and SSD. The SNPs more frequently explored through candidate gene studies were in COMT, DTNBP1, BDNF and TCF4.
Through genome-wide association studies, 2 SNPs in CHD7 and GATAD2A were associated with 1Q in patients with SSD. The studies on
CNVs suggested significant associations between structural variants and low IQ in patients with SSD. Limitations: Overall, primary studies
used heterogeneous 1Q measurement tools and had small samples. Grey literature was not screened. Conclusion: Genetic overlap be-
tween SSD and 1Q supports the neurodevelopmental hypothesis of schizophrenia. Most of the risk polymorphisms identified were in

genes relevant to brain development, neural proliferation and differentiation, and synaptic plasticity.

Introduction

Schizophrenia spectrum disorders (SSDs) are characterized
by hallucinations, delusions, disorganized thinking, negative
symptoms and cognitive dysfunctions that compromise func-
tionality.!? They differ from each other according to type of
symptoms, duration and etiology; schizophrenia is the most
severe and disabling disorder, with a lifetime prevalence of
0.7% to 0.9%.3 The etiology of SSD is unknown, but its onset
is influenced by an interaction of genetic and environmental
factors.* Genetic studies have estimated the heritability of
schizophrenia to be approximately 80%,>® which is explained
in part by the global effect of thousands of single nucleotide
polymorphisms (SNPs; SNP heritability = 24%).” In addition,
the polygenic burden of risk variants — so-called polygenic
risk scores — explains 7.3% of the variance in risk for schizo-
phrenia according to the most recent estimates.”

In recent years, there has been widespread interest in estab-
lishing endophenotypes of SSD that allow for its identification

through observable and quantitative traits.!®"" One of these
candidate endophenotypes is 1Q,'*'® a quantitative score
obtained from a standardized intelligence test that repre-
sents an individual’s intellectual ability.”” Thanks to this
quantitative estimate of general cognitive function, it is
possible to make comparisons between individuals, so it
is common to use IQ scores to assess intelligence in the
population.” Current evidence indicates that IQ is herit-
able, and that its genetic architecture is highly poly-
genic.’®2! In addition, people with SSD have shown poorer
intellectual performance than healthy controls,?% findings
that in some cases are already present in childhood.*
Along the same line, it has been demonstrated that adoles-
cents at high risk of psychosis exhibit a lower IQ than
healthy controls,® and that the unaffected relatives of pa-
tients with SSD present similar deficits.?® Taken together,
this evidence indicates that SSDs might be caused by path-
ological neurodevelopment processes that would be
observable as premorbid intellectual deficits.
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Genetic overlap between vulnerability to SSD and low intel-
ligence has been identified in large studies involving people
with schizophrenia'® and healthy participants.” This evidence
is consistent with the findings of a population-based study in
more than 100000 participants that described significant asso-
ciations between polygenic risk for schizophrenia and other
neuropsychiatric disorders and poorer cognitive functioning,
especially in processing speed and memory.?® Accordingly,
the large-scale genome-wide association study (GWAS) by
Savage and colleagues® identified 205 genomic loci associated
with intelligence, which they found to be enriched in genes ex-
pressed in the brain. Moreover, Ohi and colleagues® found
that genetic factors differentiating schizophrenia from bipolar
disorder were related specifically to low premorbid intelli-
gence. Thus, the identification of genetic variants that contrib-
ute to risk of schizophrenia and low IQ could provide insights
into the biological correlates of the disorder.

Generally, different GWASs have found that the genetic
variants associated with both traits are enriched in genes ex-
pressed in the central nervous system, and that they partici-
pate in neurogenesis, regulation of nervous system develop-
ment, neuronal differentiation and regulation of cell
development.”?! For instance, an SNP in the DTNBP1 gene
(rs1011313) has been related to both neurocognition and
schizophrenia risk, probably because of its involvement in
the glutamatergic system.*? Another locus associated with in-
creased risk for schizophrenia and lower general cognition is
TCF20 (rs134873, intron variant), which encodes a transcrip-
tional coregulator.® The authors of that study found that the
risk allele of rs134873 was related to increased expression of
NAGA (involved in the regulation of glycosylation-associated
enzymes, glutamatergic and GABAergic systems*) and de-
creased expression of CYP2D6 (involved in serotonin and
dopamine metabolism) in the human brain.®

Other sources of genetic variation, such as copy number
variants (CNVs), may also be involved in the etiology of
schizophrenia and intellectual deficits, because patients
with schizophrenia who had at least 1 rare CNV yielded
low 1Qs.*

Although several researchers have investigated the genetic
variants associated with SSD and IQ, no systematic review
has summarized the current findings. We believed that a
compilation of results from original studies could contribute
in different ways to the field of knowledge. A synthesis with
no date limitation allowed us to understand the evolution of
an area of research, contributing to a better level of scientific
quality and reducing the possibility of bias. Furthermore, by
comparing independent samples, a description of positive
and negative results helped us to establish whether findings
were consistent and could be generalized. Likewise, we
wanted to include both candidate gene studies and GWASs
to evaluate the replicability of results when using different
methods. GWASs yield valuable results, because they have
the advantage of reducing possible biases based on their lack
of a pre-established hypothesis. However, both GWASs and
candidate gene studies are subject to publication bias, be-
cause they are at risk of not being reported when the results
are negative.

To answer the question of whether overlapping genetic
variants underlie the risk of both SSD and low IQ, we aimed
to analyze and summarize the findings of primary studies on
genetic variants associated with both traits. These data will
contribute to establishing IQ as a potential endophenotype
for SSD, and to identifying future lines of research.

Methods

This review is reported in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (PRISMA checklist in Appendix 1,
available at www .jpn.ca/lookup/doi/10.1503/jpn.220026/
tab-related-content).® It was registered in the International
Prospective Registry of Systematic Reviews (PROSPERO;
CRD42020218842), and a protocol was elaborated to guide
the review process (https://doi.org/10.21203/
rs.3.rs-150210/v1).

Eligibility criteria

We included the following types of studies: published
genetic association studies based on IQ (GWASs or candi-
date gene studies) with an observational design, including
cross-sectional, case—control and cohort studies. We con-
sidered only manuscripts published in English, but we im-
posed no restrictions on date of publication. We selected
studies in adults with a diagnosis of SSD based on DSM? or
ICDY criteria at any stage of disease (first episode of psycho-
sis or chronic). We included studies that addressed the asso-
ciation between genetic variability and both traits (SSD and
IQ) by exploring the following genetic variants: SNPs,
CNVs, genomic insertions and genomic deletions. We in-
cluded only studies that estimated participants” IQ using a
standardized test. By including studies in patients with SSD
that estimated IQ, we sought to guide the search strategy and
selection process toward research that targeted the genetic
overlap between both traits.

The following were reasons for exclusion from this review:
animal model or cell line studies; studies not measuring the
outcomes of interest (lacking genotyping, IQ estimation or
their association); reviews or meta-analyses; not peer-reviewed;
single-case studies; books, editorials or theses.

Search strategies and information sources

We established the design of the search strategy with the ad-
vice of an expert librarian from the University of Cantabria.
We carried out the search in November 2020 and updated it
in October 2021 in the electronic databases of Medline via
PubMed, PsycInfo, Web of Science and Scopus.

In accordance with the PRISMA guidelines, we adapted
the search strategy to the controlled format of each database
when appropriate. For Medline, we used the MeSH format
(“Schizophrenia” OR “Psychotic Disorders” OR “Psychosis”)
AND (“Genetic Variation” OR “Genetic Variant” OR “Poly-
morphism, Genetic” OR “Polymorphism, Single Nucleotide”
OR “Polymorphism”) AND (“Intelligence” OR “Intelligence
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Quotient” OR “IQ”). For PsycInfo, we used the Thesaurus
format (DE”Schizophrenia” OR “Psychotic Disorders” OR
DE”Psychosis”) AND (“Genetic Variation” OR “Genetic Vari-
ant” OR “Polymorphism, Genetic” OR “Polymorphism,
Single Nucleotide” OR DE”Polymorphism”) AND
(DE"Intelligence quotient” OR “IQ”). We screened the Web of
Science and Scopus databases using the above terms in free
text, and we limited the results in Scopus by document type
(article) and language (English) because of the large number
of records obtained. We also examined the reference lists of
the included articles to identify additional eligible studies.

Study selection and data collection process

After we had retrieved the database results, we recorded
them in EndNote (Clarivate Analytics). After duplicate re-
cords had been eliminated, 2 reviewers (N.M.G., S.B.M.)
screened each record independently by reviewing titles and
abstracts. Then, the reviewers separately analyzed the full
texts of eligible studies and selected those that met the inclu-
sion criteria, selecting the final studies by consensus. Doubts
or discrepancies were resolved between the reviewers, and if
necessary, they consulted the postdoctoral researcher (E.S.S.)
and the senior researcher (R.A.A.).

Data from the selected studies were recorded in a standard-
ized table designed by the reviewers. The information ex-
tracted from each study included the author, the year of pub-
lication, the country of origin, the study design, genetic
variants and genes investigated, the sample size (patients and
healthy controls, if applicable), instruments for measurement
of IQ, mean IQ and main findings. Each reviewer collected in-
formation from half of the included studies, and then the 2 re-
viewers exchanged records for verification by their partner.

Outcomes

Among genetic variants for SSD, we considered SNPs, CNVs,
genomic insertions and genomic deletions. Only studies that
reported the location of the genetic variant were included.
For IQ outcomes, we considered a global intelligence score
estimated using any standardized measure, such as the
Wechsler Adult Intelligence Scale, the Wechsler Test of Adult
Reading, the North American Adult Reading Test-Revised
(NAART) or the Wechsler Abbreviated Scale of Intelligence.

All types of IQ were included: verbal, performance or full.
Verbal IQ is an intelligence index estimated from results on
tests of verbal comprehension and working memory; perfor-
mance IQ is estimated from scores on tests of perceptual or-
ganization and processing speed; and full IQ provides a
mean of both verbal and performance 1Q."”

Quality assessment of primary studies

We used the Quality of Genetic Association Studies (Q-Genie)
tool to assess risk of bias in the included studies.®® Q-Genie is
a questionnaire of 11 items rated on a 7-point Likert scale; a
score of 1 indicates poor quality, and a score of 7 indicates
excellent quality. The 11 items evaluate different categories,

including the rationale for the study, ascertainment of com-
parison groups, and technical and nontechnical classification
of the genetic variants tested. Q-Genie allowed us to obtain a
global score that indicated the overall quality of the study,
which could be poor (scores < 35 for studies with control
groups and < 32 for studies without control groups), moder-
ate (scores between 35 and 45 for studies with control groups
and between 32 and 40 for studies without control groups) or
good (scores > 45 for studies with control groups and > 40 for
studies without control groups).

Data synthesis

A narrative synthesis of the analyzed studies is presented in
the results. For greater clarity and organization of the results,
we grouped the findings into 2 sections, 1 on candidate gene
studies and 1 on GWASs.

Results

We identified a total of 2438 records from database searching.
After duplicates had been eliminated, 2153 results were
screened for eligibility, of which 2007 were discarded be-
cause they met 1 of the exclusion criteria (3 book chapters,
9 letters to the editor, 24 case studies, 44 meta-analyses,
166 reviews, 226 animal or cellular models, and 1535 did not
address the topic of interest). Of the 146 full-text articles we
reviewed, 93 were excluded because they did not meet the in-
clusion criteria. We included 2 additional records from cita-
tion searching. In the end, we included 55 articles that ex-
plored genetic variants associated with both SSD and IQ in
the present review (Figure 1).

Among the included studies, 47 (85.45%) had overall
scores of good quality based on the Q-Genie tool, and 8
(14.55%) had scores of overall moderate quality. No study
was of low quality (Appendix 1).

Of the 45 studies with a case-control design, 39 (86.67%)
reported that patients with SSD had significantly lower 1Qs
than healthy controls, regardless of the evaluation tool used.
One of the remaining case—control studies found no signifi-
cant differences, and the rest (n = 5) did not report partici-
pants” IQ. The included studies explored different polymor-
phisms, yielding heterogeneous results. However, the genes
addressed most frequently using the candidate gene strategy
were COMT, BDNF, DTNBP1 and TCF4.

Fewer studies used a GWAS strategy; their findings are
presented below.

Candidate gene studies

COMT

Seven studies examined the association of the COMT genotype
with both SSD and IQ); 6 had a case—control design and 1 had a
cross-sectional design. We found mixed results, as shown in
Table 1. Four of the studies (57.14%)** found no significant as-
sociation between the SNP rs4680 (also known as the Val-
158Met polymorphism) and IQ in people with SSD. The other
3 studies (42.86%)** did find significant associations. Green
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Figure 1: PRISMA 2020 flow diagram® for new systematic reviews which included searches of databases, registers and other sources.
PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-Analyses; SSD = schizophrenia spectrum disorder.

and colleagues* found that the Val158Met polymorphism was
a significant predictor of IQ, because Val homozygotes had
lower scores on the intelligence test. Two more studies re-
ported similar results, but with certain specifications. Kontis
and colleagues® found that COMT Val homozygotes had
lower 1Qs, but this effect was reduced by interaction with the
rs1801133 allele MTHFR-T. Rebollo-Mesa and colleagues* ob-
served that the Vall58Met polymorphism was significantly re-
lated to IQ only in patients who were taking antipsychotics:
Val carriers taking a high dose of antipsychotic medication had
lower IQs than Met carriers.

BDNF

Five studies explored the link between variations in the
BDNF gene and IQ in patients with SSD (Table 2). All
studies included a control group and focused on the Val-
66Met polymorphism (rs6265). Three studies (60%)*4%0

reported negative results, but Chung and colleagues* and Lu
and colleagues®® found a significant correlation between the
Val66Met SNP and patients” IQ. The Met allele was associ-
ated with lower IQ in patients with SSD in both studies, al-
though in the case of Chung and colleagues,* this relation-
ship lost significance after Bonferroni correction.

DTNBP1

Five studies targeted polymorphisms at DTNBP1 (Table 3),
of which 3 had a case-control methodology and 2 had a
cross-sectional design. Two studies (40%) found no associa-
tion between different SNPs in DTNBP1 and patients’
1Q;%2%* the remaining studies (60%) confirmed such an asso-
ciation.’%% Burdick and colleagues®! observed that the
genotype of 6 SNPs in DTNBP1 (rs909706, rs1018381,
rs2619522, rs760761, rs2619528 and rs1011313) was associ-
ated with intellectual decline in patients: carriers of the
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Table 1: Studies exploring the COMT gene and IQ in patients with schizophrenia

Participants, n Mean 1Q = SD Association
between
polymorphism
and IQin
Healthy 1Q Healthy patients with
Polymorphism Study Design Country  Ancestry* Patients controls ~ measure Patients controls SSD
rs4680t Galderisi Cross- Italy Caucasian 106 NA WAIS NA NA No
et al.® sectional (schizophrenia)
(2005)
rs4680 Ho et al.®® Case— United Caucasian 159 84 WAIS§ 91.0 = 109.0 + No
(2005) control States (schizophrenia) 12.45 12.05
rs4680 Prata Case— United 90% 42 48 WAIS, 97.2+16.4 1182+ No
et al.4 control Kingdom  Caucasian  (schizophrenia) WASI§ 115
(2009)
rs4680 Wirgenes Case— Norway  Caucasian 171 (SSD) 340 WASI§ 103.5 113.6 £ No
etal.®? control 13.8 9.9
(2010)
rs4680 Rebollo- Case— United 84% 68 (SSD) 208 WAIS NA NA Yes (only with
Mesa control Kingdom  Caucasian antipsychotics)
etal.®®
(2011)
rs4680 Green Case— Australia  Caucasian 617 (SSD) 659 WTAR§ 97.49 + 105.47 + Yes
etal.* control 15.04 10.67
(2014)
rs4680, Kontis Case— Greece NA 90 55 WAIS 81.06 + NA Yes
rs1801133% etal.® control (schizophrenia) 11.35
(2013)

NA = not available; SD = standard deviation; SSD = schizophrenia spectrum disorder; WAIS = Wechsler Adult Intelligence Scale; WASI = Wechsler Abbreviated Scale of Intelligence;

WTAR = Wechsler Test of Adult Reading.

*Terminology taken from the original articles.

1rs4680 is commonly known as the Val158Met polymorphism.
$rs1801133 is located in the MTHFR gene.

§Patients had significantly lower IQs than healthy controls.

Table 2: Studies exploring the BDNF gene and IQ in patients with schizophrenia

Participants, n Mean 1Q £ SD Association
between
polymorphism and
Healthy 1Q Healthy 1Q in patients with
Polymorphism Study Design ~ Country Ancestry* Patients controls measure  Patients  controls SSD
rs6265+1 Hoetal.®®  Case- United NA 293 (SSD) 144 WAISt 9149+ 11041 = No
(2006) control States 13.49 11.66
rs6265 Chung Case— South East Asian 101 50 WAISt 10245+ 1079+ Yes (only before
etal.®” control Korea (schizophrenia) 141 10.4 statistical correction)
(2010)
rs6265 Lu et al.“® Case— China East Asian 112 (SSD) 63 WAIST 87.8 113.4 + Yes
(2012) control 14.7 14.2
rs6265 Smith Case— Canada  72% Caucasian, 58 (first 39 NAART 100.4 = NA No
et al.® control 10% South Asian, episode of 8.7
(2012) 9% East Asian, psychosis)
9% Other
rs6265 Abbasian Case— Iran Asian 71 88 WAISt 85.48 = 98.30 = No
etal.® control (schizophrenia) 13.6 15.12
(2021)

NA = not available; NAART = North American Adult Reading Test; SD = standard deviation; SSD = schizophrenia spectrum disorder; WAIS = Wechsler Adult Intelligence Scale.

*Terminology taken from the original articles.
1rs6265 is commonly known as the Val66Met polymorphism.
fPatients had significantly lower IQs than healthy controls.

CTCTAC haplotype demonstrated a significantly greater de-
cline in IQ than noncarriers. Zinkstok and colleagues® found
that carriers of the low-frequency allele in SNPs rs760761 (T)
and rs2619522 (G) had lower IQs, and the common allele in

rs2619538 (A) was related to higher IQ. Varela-Gomez and
colleagues® found that patients who were homozygotes for
the risk genotype in rs2619539 (GG) and in rs3213207 (AA)
had lower IQs.
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Table 3: Studies exploring the DTNBP1 gene and IQ in patients with schizophrenia

Participants, n Mean 1Q + SD Association
between
polymorphism and
Healthy (@] Healthy  1Q in patients with
Polymorphism Study Design Country Ancestry™* Patients controls measure Patients  controls SSD
rs909706, rs1018381, Burdick Cross- United Caucasian 183 (SSD) NA WRAT NA NA Yes
rs2619522, rs760761, etal.% sectional States
rs2619528, rs1011313 (2007)
rs2619539, rs3213207, Donohoe et Cross- Ireland Caucasian 52 (SSD) NA WTAR 93.05 + NA No
rs261953 al.%? (2007) sectional 11.85
rs2619539, rs3213207,  Zinkstok Case— Netherlands Caucasian, 76 (FEP) 31 WAISt 86.7 + 107.0 = Yes
rs1011313, rs2619528, et al.5® control Turkish, 13.8 15.5 (only rs2619528,
rs760761, rs2619522, (2007) Moroccan, rs760761,
rs2619538 Surinamese rs2619522,
rs2619538)
rs261953 Hashimoto  Case— Japan East Asian 70 165 WAIST 87.06 + 109.73 = No
et al.5 control (schizophrenia) 18.86 10.73
(2009)
rs2619539, rs2619528, Varela- Case— Spain NA 238 (FEP) 47 WAIS NA NA Yes
rs2619538, rs3213207, Gomez control (only rs2619539
rs760761 etal.® and rs3213207)
(2015)

FEP = first episode of psychosis; NA = not available; SD = standard deviation; SSD = schizophrenia spectrum disorder; WAIS = Wechsler Adult Intelligence Scale; WRAT = Wide Range

Achievement Test; WTAR = Wechsler Test of Adult Reading.
*Terminology taken from the original articles.
tPatients had significantly lower 1Qs than healthy controls.

Table 4: Studies exploring the TCF4 gene and IQ in patients with schizophrenia

Participants, n Mean 1Q = SD Association
between
polymorphism
Healthy 1Q Healthy and IQ in patients

Polymorphism Study Design Country Ancestry* Patients controls  measure Patients controls with SSD
rs9960767 Lennertz Cross- Germany NA 401 NA MWT-B, 105.28 + NA No

et al.® sectional (schizophrenia) WAIS 17.7

(2011)
rs2958182 Zhu Case— China East Asian 526 421 WAIST 96.01 = 110.13 = Yes

etal.%” control (schizophrenia) 14.99 11.6

(2013)
rs9960767 Albanna Cross- Canada 103 173 (FEP) NA WAIS 90.9 + NA No

et al.5® sectional Caucasian, 15.25

(2014) 70 Other

FEP = first episode of psychosis; MWT-B = Mehrfachwahl-Wortschatz Test B; NA = not available; SD = standard deviation; SSD = schizophrenia spectrum disorder; WAIS = Wechsler

Adult Intelligence Scale.
*Terminology taken from the original articles.
tPatients had significantly lower 1Qs than healthy controls.

TCF4

Three studies assessed the relationship between IQ in pa-
tients with SSD and polymorphisms in TCF4 (Table 4). Two
of them (66.66 %) were cross-sectional and did not find a sig-
nificant association.’*® In contrast, a study™ with a case—control
design observed that T-carrier patients at rs2958182 had
higher IQs than A-carrier patients.

Other candidate genes

Twenty-nine studies explored candidate genes other than
those mentioned above; 26 had a case—control design, 2
were cross-sectional and 1 was longitudinal. Of these,
16 studies (55.17%) reported significant associations be-

tween the investigated polymorphisms and patients” IQs in
different directions (Table 5). In most cases, the minor fre-
quent allele was associated with lower IQ in patients, in-
cluding SNPs at ANK3,°' CSMD1, FOLH1, GRM?7,%
GRM5,% MHC,”® MIR137,”* NOS1,”> NRG1,”” NRGN” and
OXTR.%> For NRGN,” an association with IQ was found
only for the diplotype rs12807809-rs12278912, where the
risk allele combination TG/TG was related to lower 1Q. In
contrast, the minor frequent allele in some SNPs at
NRN1,78 TH% and ZNF804A%% showed a protective effect:
patients who were carriers had higher IQs. Two studies
specified that the relationship between genetic variants and
IQ was conditioned by the type of IQ. Donohoe and
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Table 5 (part 1 of 2): Studies exploring different candidate genes and IQ in patients with schizophrenia

Participants, n Mean 1Q + SD Association
between
polymorphism and
Healthy 1Q Healthy 1Q in patients with
Gene Polymorphism Study Design Country Ancestry* Patients controls measure Patients controls SSD
5HT1A-R -1019 Bosia Cross- Italy NA 118 NA WAIS 83.46 + NA No
etal.®® sectional (schizophrenia) 12.54
(2011)
AKT1 rs2494732 Van Winkel ~ Case—  Netherlands, Caucasian 611 (NAP) 590 WAIS 94.6 +16.5 NA No
et al.5° control Belgium
(2011)
ANK3 rs1938526 Cassidy Cross- Canada 102 Caucasian, 173 (FEP) NA WAIS 92.6 +15.7 NA Yes
etal.® sectional 71 Other
(2014)
APOE rs7412, rs429358 Vila- Case— Canada 60 Caucasian, 86 (FEP) 39 NAARTt 100.45 + 107.54 = No
Rodriguez control 13 Asian, 8.01 6.75
etal.® 13 Other
(2017) 60:13:13
(69.8%
Caucasian)
CNNM2 rs7914558 Rose Case— Ireland NA 400 (SSD) 160 WAISt 9123+ 121.4+146 No
etal.®® control 18.39
(2014)
CPLX2 rs6868608, Begemann Case— Germany Caucasian 1071 (SSD) 1079 MWT-B NA NA No
rs2443541, etal.® control
1$2243404, (2010)
rs4242187,
rs10072860,
rs4868539,
rs1366116,
rs3892909,
rs3822674,
rs56934064
CSMD1 rs10503253 Donohoe Case— Ireland Caucasian 387 (SSD) 205 WAISt 89.74 + 118.3 = Yes
etal.® control 17.46 13.89
(2013)
FKBP5 rs1360780, Green Case— Australia  98% Caucasian 617 (SSD) 659 WTARY 97.49 + 105.47 + No
rs9470080, etal.%® control 15.04 10.67
rs4713902, (2015)
rs9394309
FOLH1 rs202676 Zink Case— United Caucasian and 57 (FEP) 65 HART 100.7 £+ 10.6 104.3 + 10.6 Yes
etal.®” control States African American
(2020)
GRIN2A, 43 SNPs Chaumette Cohort Canada Caucasian 148 (FEP) NA WAIS 92.8+15.4 NA Yes (only
GRIN2B, etal.®® rs1396409
GRIN3A, (2020) in GRM7)
GRM1, GRMS3,
GRM4, GRMS,
GRM?7, GRM8
GRM5 rs60954128, Matosin Case— Australia Caucasian 249 261 WASIt 102.69 + 118.01 = Yes (only
rs3824927 etal.®® control (schizophrenia) 13.94 10.26 rs3824927)
(2018)
HPS4 rs4822724, Kuratomi Case— Japan East Asian 240 240 JARTt 924 +10.4 103.4+10.7 No
rs61276843, etal.”® control (schizophrenia)
rs9608491, (2013)
rs713998,
rs2014410
IL1B rs16944 Fatjo-Vilas Case— Spain European 48 46 WAISt 89.04 + 107.81 = No
etal.” control (schizophrenia) 15.27 12.81
(2012)
LOC100128714 rs4906844 Bakken Case— Norway Caucasian 208 (SSD) 368 WASIt 103.4 £ 14.0 1135+9.7 No
etal.”? control
(2011)
MHC, TCF4, rs6904071, Walters Case— Germany Caucasian 342 2244 WAISt 102.2+18.0 113.76 = Yes (only
NRGN rs13219354, etal.”® control (schizophrenia) 14.3 rs6904071
rs3131296, (2013) in MHC)
rs6932590,
rs9960767,
rs12807809
MIR137 rs1625579 Green Case— Australia Australian 617 (SSD) 764 WTART 97.49 + 105.47 = Yes (only
etal.™* control 15.04 10.67 together with
(2013) negative
symptoms)
NOS1 rs6490121 Donohoe Case— Ireland Caucasian 349 (SSD) 230 WAISt 91.53+18.2 12293+ Yes (only for
etal.”® control 15.13 verbal 1Q)
(2009)
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Table 5 (part 2 of 2): Studies exploring different candidate genes and IQ in patients with schizophrenia

Participants, n Mean IQ = SD Association
between
polymorphism and
Healthy 1Q Healthy 1Q in patients with
Gene Polymorphism Study Design Country Ancestry* Patients controls measure Patients controls SSD
NOSI rs6490121, Zhang Case— China East Asian 580 720 WAISt 95.99 + 106.49 = No
rs3782206 etal.”® control (schizophrenia) 14.67 13.99
(2015)
NRG1 rs2439272, Ananloo Case— Iran Asian 276 193 WAIST 74.35 + 105.19 + Yes
rs6988339 etal.”” control (schizophrenia) 11.07 7.25
(2020)

NRGN rs12807809, Ohi et al.” Case— Japan East Asian 157 257 WAISt NA NA Yes (only for the

rs12278912 (2013) control (schizophrenia) diplotype)
NRN1 19 SNPs Chandler Case— Australia Caucasian 336 172 SILSt 89.9+142 108.2+84 Yes (forrs1475157,
etal.”® control (schizophrenia) rs9405890)
(2010)

NRN1 11 SNPs Fatjo-Vilas Case— Spain Caucasian 697 (SSD) 668 WAISt 89.02 + 99.48+  Yes (for the haplotype
et al.®® control 15.37 13.64 rs9763180,
(2016) 151048432,
rs4960155,
rs9379002,
rs9405890,

rs1475157, before

statistical correction)

OXTR 1$2254298, Montag Case— Germany Caucasian 145 145 MWT-Bt 103.96 + 108.96 + No

rs53576, etal.® control (schizophrenia) 135 134
rs115324487 (2012)

OXTR rs143908202, Veras Case— United Caucasian, 48 (SSD) 25 WAISt 84.05 + 102.9 + 15.3 Yes (only for
rs150746704, et al.®? control States Hispanic, African 11.75 nonverbal Q)
rs115324487, (2018) American and

rs61740241 Other
S100B rs2839357, Zhai Case— China East Asian 434 412 WAISt 97.13 108.52 + No
rs1051169, etal.®® control (schizophrenia) 14.87 13.89
rs9722 (2012)
ST8SIA2 rs4586379, Fullerton Case— Australia  88.1% European, 281 (SSD) 172 WASIt 104 119 No
rs2035645, et al.® control 3.5% Asian,
rs4777974, (2018) 8.4% Unknown
rs3784735
TH rs10770141 Horiguchi Case— Japan East Asian 132 282 WAISt 103.75 106.9 + 8.7 Yes
et al.8® control (schizophrenia) 11.15
(2014)
ZNF804A rs1344706 Walters Case— Ireland Caucasian 297 165 WAISt 88.0+16.26 12226+ Yes (only for high 1Q)
et al.t® control (schizophrenia) 13.83
(2010)
ZNF804A rs1344706 Chen Case— China East Asian 531 442 WAISt 97.09 + 109.50 =  Yes (only for high 1Q)
etal.®” control (schizophrenia) 14.72 11.88
(2012)

FEP = first episode of psychosis; HART = Hopkins Adult Reading Test; JART = Japanese version of the National Adult Reading Test; MWT-B = Mehrfachwahl-Wortschatz Test B;
NA = not available; NAART = North American Adult Reading Test; NAP = non-affective psychosis; SD = standard deviation; SILS = Shipley Institute of Living Scale test; SNP = single
nucleotide polymorphism; SSD = schizophrenia spectrum disorder; WAIS = Wechsler Adult Intelligence Scale; WASI = Wechsler Abbreviated Scale of Intelligence; WTAR = Wechsler

Test of Adult Reading.
*Terminology taken from the original articles.
tPatients had significantly lower 1Qs than healthy controls.

colleagues”™ found that carriers of the risk genotype in
rs6490121 (GG) at NOS1 had lower verbal IQs (both pa-
tients and controls), but full IQs were not significantly dif-
ferent. As well, some rare variants at OXTR demonstrated a
specific link with low nonverbal 1Q.% Thirteen studies
obtained nonsignificant results.5%6062-6466,70-72,768183,84

Genome-wide association studies

We included 6 GWASs in the review, of which 2 were cross-
sectional and 4 had a case—control design (Table 6). Two
studies explored SNPs and 4 searched CNVs. One of the SNP
studies (50%) found no significant associations with patient
IQ,% but the other study® reported 2 SNPs that were associ-
ated with patient IQ. The risk alleles were related to lower

global IQ for the 2 SNPs located at genes CHD7 and
GATAD2A;¥ specifically, the risk allele in rs6984242 (CHD?)
was the most strongly associated with low verbal IQ.

From the remaining GWASs exploring CNVs, all re-
ported significant associations were with low IQ. Martin
and colleagues” found that patients with large (> 500 kb)
and rare (< 1% frequency) deletions had lower 1Qs than
those without such polymorphisms. Similarly, Lowther
and colleagues® observed that patients with pathogenic
CNVs showed lower IQs, in contrast to patients with aver-
age 1Qs, who had the lowest yield of pathogenic CNVs.
Derks and colleagues® identified 14 CNVs, mostly at chro-
mosome 15q11.2 (related to intellectual disability), after
studying patients who had schizophrenia and IQ scores
below 70. Finally, Hubbard and colleagues® found that
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Table 6: Overview of genome-wide association studies related to 1Q and schizophrenia

Participants, n Mean 1Q + SD

Type of Healthy 1Q Healthy

polymorphism  Study Design  Country  Ancestry* Patients controls  measure Patients controls Findings

SNP LeBlanc  Case— Norway European 190 (SSD) 353 WASI NA NA No significant association
etal.® control with 1Q
(2012)

SNP Whitton Case— Ireland NA 670 (SSD) 330 WTAR 90.29 + 119.81 = rs6984242 (CHD7) and
et al.®® control 18.08 15.57 rs2905426 (GATAD2A)
(2016) associated with 1Q

CNV Derks Case— United Caucasian 64 NA WAIS NA NA 14 CNVs related to low 1Q at
et al.®° control  Kingdom (schizophrenia) chromosomes 15q11.2 and
(2013) 22q11.21

CNV Martin Case— Australia Caucasian 82 50 WASIt 86.57 = 116.44 = Large, rare deletions related
etal. control (schizophrenia) 16.16 11.58 to lower 1Q in patients
(2014)

CNV Lowther  Cross- Canada Caucasian 546 (SSD) NA NA NA NA Pathogenic CNVs related to
etal®  sectional lower IQ
(2017)

CNV Hubbard  Cross- United Caucasian 875 (SSD) NA WAIS NA NA CNV carriers with
etal.®?  sectional Kingdom schizophrenia had lower 1Q
(2021)

CNV = copy number variant; NA = not available; SNP = single nucleotide polymorphism; SSD = schizophrenia spectrum disorder; WAIS = Wechsler Adult Intelligence Scale; WASI =

Wechsler Abbreviated Scale of Intelligence; WTAR = Wechsler Test of Adult Reading.
*Terminology taken from the original articles.
tPatients had significantly lower 1Qs than healthy controls.

patients carrying CNVs related to SSD showed signifi-
cantly lower IQs than noncarriers.

Discussion

This was, to our knowledge, the first systematic review to
analyze current evidence related to the genetic association be-
tween SSD and 1Q. We summarized 55 studies, some of which
found that variability in several genes was significantly re-
lated to SSD and IQ in different directions. At the trait level,
the results were consistent in showing lower estimated IQ in
patients with SSD compared to healthy controls, correspond-
ing to findings from other reviews and meta-analyses.”*
Taken together, these findings show a possible common bio-
logical correlate between the 2 traits, indicating that IQ is a
strong candidate endophenotype for SSD. Our review synthe-
sizes the current data emerging from a line of research that
has yielded heterogeneous results from diverse study strat-
egies. For this reason, we believe that the present work pro-
vides relevant information that can lead researchers to select
lines of investigation with the most promising evidence. Our
results point to the study of novel genes such as NRN1,
ZNF804A, CHD7 and GATAD?2A, instead of others that have
been more traditionally studied (COMT, BDNF and DTNBP1)
but have not been supported by results from GWASs.

COMT

The most frequently studied polymorphism was Val158Met
(rs4680), located at COMT. This gene encodes the enzyme
catechol-O-methyltransferase (COMT), which degrades cate-
cholamines, including dopamine, and helping to maintain

appropriate levels of this neurotransmitter, particularly in
the prefrontal cortex.” The Vall58Met polymorphism leads
to a substitution of valine with methionine, in which the Val
allele results in increased enzymatic activity of COMT,
which in turn reduces dopamine concentrations.”” Some
studies described here established that patients with the Val
genotype showed lower IQs than Met carriers,”* but others
did not replicate this finding.*~ The possible IQ deficit in Val
carriers might be explained by a dopamine reduction in the
prefrontal cortex associated with this variant, which, in turn, is
linked to worse performance in terms of executive function
and working memory.”® Moreover, a study on intellectual
disability suggested that Val158Met might contribute to in-
telligence by affecting white matter architecture in the pre-
frontal lobe and hippocampal formation.”

This discrepancy in findings could be the result of differ-
ences when controlling for mediating variables such as
medication and type of intelligence. Rebollo-Mesa and col-
leagues® noted that Val carriers had lower verbal IQs, but
showed no differences in performance IQ, and this effect
was exclusive for patients who were taking high doses of
antipsychotics. This finding indicates that the Vall58Met
polymorphism could modulate the effects of antipsychotics
on verbal 1IQ, in which carriers of the risk allele would be
more susceptible to the deterioration of verbal skills as a re-
sult of medication.' This corresponds with the findings of
Schacht,'™ who stated that this same polymorphism was
key in identifying patients who were most likely to respond
adequately to dopaminergic drugs. For clinical practice,
these outcomes suggest that there is a subgroup of SSD pa-
tients with higher genetic risk of cognitive decline who need
long-term follow-up.
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Further research into the Val158Met polymorphism must ex-
plore possible interactions with other SNPs, such as rs1801133
at MTHFR, because these interactions may influence the ex-
pression of COMT.® In fact, it has been demonstrated that poly-
morphisms in these 2 genes may be associated with IQ, espe-
cially because the MTHFR-T allele decreases the beneficial role
of the COMT-Met allele in patients with schizophrenia.'”

BDNF

All included studies on the BDNF gene analyzed the Val66Met
polymorphism, probably because of its demonstrated link to
schizophrenia'® and cognitive processes.!® This gene en-
codes brain-derived neurotrophic factor (BDNF), a neuro-
trophin that has a relevant role in neurodevelopment, syn-
apse regulation and synaptic plasticity.!™ Variations in this
gene may lead to alterations in the BDNF protein that could
cause impaired brain development and synapse and neuro-
plasticity failures, which have been associated with schizo-
phrenia.'®!% The results found in this review related to the
Val66Met polymorphism were controversial. Chung and col-
leagues” and Lu and colleagues* established that patients
with SSD who were Met carriers had lower 1Qs than those
who were Val carriers. This finding corresponded with previ-
ous research indicating that the BDNF-Met allele was associ-
ated with lower IQ in healthy women.'%

The Val66Met polymorphism is believed to contribute to
the etiology of SSD by affecting brain morphology as a result
of lower levels of BDNF: Met allele carriers show reductions
in the dorsolateral prefrontal cortex, caudate nucleus and
frontal grey matter volume.!”"'® The decreased secretion of
BDNF caused by Val-Met substitution may also alter synap-
tic plasticity and neurodevelopment,'® which could influence
cognition by disrupting the learning process.'” However,
3 other studies included in this review found no association
between the Val66Met polymorphism and IQ in people with
SSD.#649% Once again, the different findings might depend on
genetic variability in BDNF between populations, because a
significant association was found only in individuals from
South Korea and China. This finding was in line with previ-
ous literature reporting a higher frequency of the Met allele
in the Asian population;"° future studies must explore the
potential differential role of the Val66Met polymorphism in
patients with SSD from different genetic backgrounds. More-
over, the association of Val66Met with IQ was established
only for full IQ and verbal IQ estimated by the WAIS*# but
not with premorbid IQ assessed using the NAART question-
naire.* For this reason, Val66Met could be exclusively related
to some types of 1Q.

DTNBP1

Some associations were reported between SNPs at DTNBP1
and IQ in patients with SSD. This gene encodes the dysbindin-1
protein, which plays a relevant role in neurotransmission and
neurodevelopment."! Dysbindin-1 has been found in presyn-
aptic and postsynaptic locations in several brain areas of in-
terest in schizophrenia, including the hippocampus, the pre-

frontal cortex and the midbrain.!»*® Because dysbindin-1
interacts with different proteins involved in the release of
neurotransmitters, its alteration could affect synaptic homeo-
stasis.®® In all studies with significant results, the risk allele
was related to lower IQ, including the C allele in rs2619539,%
the T allele in rs760761,% the G allele in rs2619522% and the A
allele in rs3213207.5 Furthermore, a risk haplotype that in-
cluded 2 of the above SNPs (rs2619522 and rs760761) was as-
sociated with a greater decline in IQ in patients with SSD.>!
The mechanism responsible for this association is unknown,
but these polymorphisms might influence intelligence by
reducing DTNBP1 expression in the prefrontal cortex, hippo-
campus and midbrain,''*!'? thus affecting the glutamatergic
system.'

However, other studies did not find this association,>>**
possibly because of the great variety of SNPs analyzed. In ad-
dition, although most studies considered patients in the early
stages of SSD, Hashimoto and colleagues™ analyzed a sample
with chronic SSD, which may have affected the results:
changes in gene expression have been described depending
on the clinical stage of the disorder.'* Similarly, the discrep-
ancies found may have been a consequence of genetic vari-
ance in DTNBP1 between populations,'*!"> because the only
study with Asian participants had negative results.

TCF4

Few studies have explored the effect of genetic variability in
TCF4 on IQ and SSD. TCF4 encodes transcription factor 4, a
basic helix-loop-helix transcription factor. TCF4 is widely ex-
pressed in the early human embryo and might be relevant for
nervous system development"® because of its role in neural
proliferation and differentiation.'” Disruptions in this gene
are associated with neurodevelopmental disorders that occur
with intellectual disability, such as Pitt-Hopkins syn-
drome.!® However, this review found insufficient evidence
to confirm a relationship between TCF4 variability and IQ in
patients with SSD. A single study obtained significant find-
ings,” in which carriers of the minor allele in rs2958182 (A)
had lower IQs than noncarriers. Lennertz and colleagues®
found that patients with SSD carrying the risk allele (C) of
159960767 had worse memory impairment, and Albanna and
colleagues® observed that the risk allele was related to defi-
cits in the reasoning cognitive domain. Therefore, TCF4 poly-
morphisms could be linked to specific cognitive domains
rather than general cognition, but further studies are needed
to understand their role in the pathophysiology of SSD.

Other candidate genes

Among the results of other candidate genes, NRN1 and
ZNF804A showed the strongest links with IQ in patients
with SSD. The NRN1 gene encodes a protein from the neu-
ritin family and is expressed in both embryonic develop-
ment'® and the adult brain." It plays a role in neuronal
differentiation, synapse formation and maturation, and
synaptic plasticity.’?*!?! Because of these functions, it is be-
lieved that variations of this gene could confer risk for the
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disorder and for neurocognitive alterations.®* Two different
studies observed that a haplotype (rs1475157 and
rs9405890) at NRN1 was related to IQ in patients with
SSD.”# Chandler and colleagues™ reported that the SNPs
151475157 and 159405890 had a selective influence on fluid
intelligence, because carriers of the GA haplotype had
lower fluid intelligence scores on both premorbid and cur-
rent 1Q tests. As well, variability in rs1475157 and
rs9405890 was related to age at onset, which in turn modu-
lated the long-term cognitive course of patients with SSD.'?
Although these findings must be replicated, research into
NRNT1 variations could help to identify a subgroup of pa-
tients at increased risk of cognitive impairment.

Two other studies observed that the risk allele (A) in
rs1344706, located at ZNF804A, was associated with high IQ
in patients with schizophrenia.®*” Walters and colleagues®
clarified that although patients carrying this allele had higher
IQs and fewer cognitive deficits than noncarriers, they still
showed cognitive impairments compared to healthy partici-
pants. This polymorphism might be implicated specifically in
SSD because it has been more frequently identified in pa-
tients with the disorder,3'?*1% and it has been related to
higher schizotypy scores in healthy individuals.'”® Overall,
these findings agree on the value of the rs1344706 poly-
morphism as a potential genetic marker for risk of psychosis.
The specific function of ZNF804A is still unknown, but it en-
codes a zinc finger binding protein, a type of protein that par-
ticipates in diverse roles, such as binding to DNA, transcrip-
tional regulation and DNA-protein interactions.'?!? This
gene is expressed in the fetal and adult human brain, includ-
ing the medial temporal lobe, the dorsolateral prefrontal cor-
tex, the hippocampus and the amygdala.’?*3* A plausible
hypothesis is that the risk allele in rs1344706 may be related
to SSD by affecting the expression of ZNF804A and other
genes relevant for neurodevelopment,'*% and by disturbing
brain connectivity.'

Genome-wide association studies

In this review, COMT, BDNF and DTNBP1 — the most fre-
quent candidates explored in relation to IQ in patients with
SSD — were not associated with such phenotypes using a
GWAS strategy. There may be different reasons for the in-
consistency of these results. First, because the 2 GWASs ex-
ploring SNPs included in the present review assessed pa-
tients with SSD,%# clinical heterogeneity could have
diminished the statistical power to detect the effect of such
genes.!” Moreover, their sample sizes were small, with lim-
ited statistical power, which could have interfered in the
identification of genetic variants related to the traits of inter-
est. Another plausible explanation is that the aforementioned
genes (COMT, BDNF and DTNBP1) do not confer risk for
SSD, which would be consistent with the larger GWASs in
schizophrenia to date.3%1® Instead, other less explored com-
mon variations may better explain the genetic correlation be-
tween SSD and IQ reported by different GWAS meta-analyses
with samples above 100000 individuals. The studies by
Hagenaars and colleagues,® Savage and colleagues®” and the

Brain Consortium'* have described substantial evidence of
pleiotropy between schizophrenia and cognition, in which
lower IQ™* and slower reaction® time were genetically correl-
ated with the disorder. Regarding intelligence, Smeland and
colleagues' identified 75 distinct genomic loci that may
underlie the genetics overlapping with schizophrenia, and
gene set analysis suggests that these loci are implicated in
neurodevelopment, synaptic integrity and neurotransmis-
sion. Future studies are needed that focus on these candidate
loci to delve into the biological processes that might lead to
the clinical and cognitive characteristics of patients with SSD.
Several authors have suggested that GWASs with large sam-
ples could improve phenotypic characterization by establish-
ing stricter inclusion criteria.’®*3¢%% Furthermore, candidate
gene studies can provide interesting insights by including
homogeneous samples with similar symptoms and clinical
manifestations among participants, focusing on unravelling
the neurobiological basis of behaviour.

Otherwise, recent GWASs have also highlighted the in-
volvement of epigenetic mechanisms involved in SSD and
IQ. Whitton and colleagues® explored a list of genes that are
chromatin modulators of gene expression and candidate
genes for schizophrenia risk. They found that 2 SNPs — 1 in
CHD7 and 1 in GATAD2A — were related to lower IQ in pa-
tients with SSD. The strongest association was between
rs6984242 (in CHDY) and verbal IQ, in which carriers of the
risk allele (G) showed lower IQs. CHD7 encodes chromodo-
main helicase DNA binding protein 7 (CHD7), which par-
ticipates in the organization of chromatin, making it rele-
vant for the regulation of gene transcription, DNA repair,
replication and recombination.”®® GATAD2A encodes the
protein GATA zinc finger domain containing 2A, a subunit
of the nucleosome remodelling and histone deacetylation
complex, and it represses gene expression.’ ¥ These find-
ings indicate an interesting line of research that explores the
possible involvement of genes with epigenetic regulation
functions in the risk for SSD and cognitive dysfunction.

The GWASs on CNVs were consistent in showing a rela-
tionship between CNV burden and low IQ in patients with
SSD.#%%2141 However, this finding should be interpreted
with caution, because in a recent meta-analysis including
10 studies on patients with SSD, their unaffected relatives and
unrelated controls found no evidence of an association be-
tween CNV burden and overall IQ."*? Instead, the authors ob-
served that CNVs had greater effects on specific cognitive abil-
ities such as memory and perceptual reasoning. The potential
influence of CNVs on intellectual deficits in SSD should be
confirmed in future studies with larger samples that estimate
different types of IQ (e.g., verbal IQ or performance IQ).

Future directions in this line of research include analyz-
ing the various cognitive functions within the IQ construct
to investigate how genetic components affect each process
separately. Future research should also improve the diver-
sity of ancestry in the samples analyzed. Although some re-
cent work is investigating the genetic architecture of schizo-
phrenia in Latin American and East Asian populations,#!4
representation of other groups, including Africans, is still
lacking.
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Limitations

Despite the genetic associations between IQ and SSD de-
scribed above, approximately 45% (n = 25) of the included
studies reported an absence of such a relationship. These neg-
ative results could reflect a true lack of association but could
also have been because of heterogeneity in the samples when
including SSD patients with diverse diagnoses and character-
istics. The effect of medication might have been another con-
founding factor, because not all primary studies controlled for
it. The instruments used to measure IQ and the type of intelli-
gence estimated could also have been a cause of heterogen-
eity. Even when the same instrument was administered (in
most cases, the Wechsler Adult Intelligence Scale), some auth-
ors used the full scale and others exclusively used subscales of
verbal intelligence or performance intelligence. In addition,
the use of different measures makes it difficult to analyze the
different cognitive functions that encompass the construct of
intelligence. Furthermore, most studies excluded patients
with IQs of less than 70, and because intellectual disability is
related to CNV and rare mutations,® relevant genetic infor-
mation could have been lost. Other major limitations of some
primary studies were sample size, the lack of a control group
and the majority inclusion of those of Caucasian origin, leav-
ing aside other population groups, affecting the generalizabil-
ity of results to other underrepresented populations.
Regarding the systematic review itself, its main limitation
was that we did not screen grey literature, so possible unpub-
lished negative results may not have been included. Further-
more, we found few GWASs that could replicate the findings
of candidate genes with larger samples and less probability
of biases. This could have been because of our strict eligibility
criteria, including the selection of original studies that ad-
dressed SSD diagnosis and IQ estimation simultaneously.
Therefore, large and relevant GWASs such as the review by
Smeland and colleagues, which combined data from sepa-
rate samples (schizophrenia, bipolar disorder and general
population), were excluded from our results. Our findings
might have been improved by a broader search strategy in
terms of eligibility criteria. Likewise, the number of studies
we found for each candidate gene was limited in most cases,
affecting the generalizability of the results and highlighting
the need for further genetic studies that replicate previous
findings. Nevertheless, the present review offered some in-
sight into the genetic basis for SSD and IQ using a systematic
methodology. In addition, because we did not establish a
time limitation in our bibliographic search, we analyzed all
existing evidence on this topic. Similarly, the development of
a protocol and its registration before the literature search con-
tributed to the prevention of bias in the selection of studies.

Conclusion

The association between genetic variants and IQ in patients
with SSD reported in the present systematic review high-
lights previous findings on the polygenic nature of both intel-
ligence and SSD. However, current evidence related to spe-
cific genes associated with IQ and SSD is inconclusive. Genes

traditionally studied, such as COMT, BDNF and DTNBPI,
have not been confirmed using a GWAS approach. Instead,
novel genes have been targeted to understand the molecular
basis underlying the IQ deficit in SSD, including NRN1,
ZNF804A, CHD7 and GATAD?2A. Overall, our results support
a neurodevelopmental hypothesis for SSD, because there is
evidence of genetic risk factors that predispose individuals to
both low IQ and risk for psychosis. In addition, results for IQ
deficits in patients with SSD compared to healthy individ-
uals, and for genetic variants associated with IQ and SSD,
suggest that IQ is a valid endophenotype for SSD. Therefore,
susceptibility to cognitive deficits might be present from
brain development and would not be only a consequence of
the disease. Therefore, IQ estimation might help to detect a
subgroup of individuals at risk for psychosis.
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